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(57) ABSTRACT

A rubber includes 5 parts by mass to 45 parts by mass of an
uncross-linked EPM relative to 100 parts by mass of a
cross-linked rubber polymer (other than EPM), and an o1l 1n
an amount equal to or more than the amount of the EPM.
The rubber 1s foamed and has a specific gravity of more than
0.3 and 0.8 or less. A weather strip 1 and a hose 2 are formed

of the rubber.
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1
RUBBER, SEAL COMPONENT, AND HOSL

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. national stage application of
PCT/IP2016/086565 filed on Dec. 8, 2016, which claims
priority to Japanese Patent Application No. 2016-065454
filed on Mar. 29, 2016, the contents of which are icorpo-
rated herein by reference.

TECHNICAL FIELD

The present mmvention relates to a rubber, and a seal
component and a hose that are formed by using the same.

BACKGROUND ART

As a method for enhancing the sound insulation of a seal
component formed of a rubber 1n vehicles, buildings, and the
like, the following method 1s known.

A method for increasing the specific gravity of rubber 1n
accordance with a rule mvolved in specific gravity (the
higher specific gravity provides better sound insulation)
includes a method for decreasing the foaming ratio of
foamed rubber as described in Patent Document 1. In
addition, a method for increasing the use amount of additive
having high specific gravity 1s also concervable. However, in
this method, the weight of rubber product 1s increased. In
particular, in the case of a seal component of vehicles, the
increased weight contlicts with a reduction 1n weight that
has been recently required, and becomes a problem.

A method for controlling the form of the foam (closed
cell, open cell, etc.) of rubber described 1n Patent Document
2 1s known. In the method, two kinds of foaming agents
having different particle diameters are used to form cells
having a larger diameter and cells having a smaller diameter
in a foamed rubber. This prevents formation of open cells 1n
which cells are 1n communication with each other, and
allows the cells to exist as independent cells. Thus, sound
imsulation 1s enhanced. However, 1n this method, 1t 1s difh-
cult to set an optimum foaming condition, and the physical
properties may be deteriorated depending on settings.

In addition to the methods described above, a method
described 1 Patent Document 3 associated with the appli-
cation by the present applicant 1s known. In this method, a
low-viscosity low molecular weight hydrocarbon-based o1l
that 1s usually added, and a high-viscosity high molecular
welght hydrocarbon-based o1l that 1s not usually added are
added to a rubber. By the action of the latter oil, sound
insulation 1s enhanced. This method does not have the
problem described above. However, this method still has
problems such as poor material handleability and longer
welghing time since the viscosity of the high molecular
weight o1l 1s high.

Patent Document 4 discloses an invention relating to a
vulcanized foam of a rubber component including a mixture
of EPDM and 10 to 50% by weight of EPM.

Patent Document 4 describes that “as a vulcanizing agent,
one or two or more kinds of vulcamzing agents that can
vulcanize or cross-link EPDM and an ethylene-propylene
rubber are approprnately used” (paragraph [0012]). An
organic peroxide that cross-links EPM 1s used 1n Example 1
(paragraph [0029]). As 1s clear from this, the invention 1s
different from the present invention 1n terms of cross-linking
of not only EPDM but also EPM. Further, a reason for
mixing of EPM 1 EPDM 1s that the content of diene 1n the
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2

whole rubber component 1s decreased to express heat resis-
tance and the like. In Patent Document 4, sound insulation
1s not described.

Patent Document 5 describes a rubber foam that 1s
obtained by foaming and cross-linking a rubber composition
containing an ethylene-a-olefin-non-conjugated diene copo-
lymer rubber, an ethylene-c-olefin copolymer rubber, a
foaming agent, and sulfur as a cross-linker, and has a density
of 0.3 g/cm” or less, and a sealing material. The ethylene-
a.-olefin-non-conjugated diene copolymer rubber 1s cross-
linked, but the ethylene-c-olefin copolymer rubber is not
cross-linked. However, since the density of the rubber foam
1s low, the sound insulation of a seal component is not
favorable.

PRIOR ART DOCUMENTS

Patent Documents

Patent Document 1: Japanese Patent Application Publi-
cation No. 2011-11602

Patent Document 2: Japanese Patent Application Publi-
cation No. 2013-136661

Patent Document 3: Japanese Patent Application Publi-

cation No. 2015-1898635
Patent Document 4. Japanese Patent No. 4554039

Patent Document 5: Japanese Patent Application Publi-
cation No. 2001-192488

SUMMARY OF THE INVENTION

Problem to be Solved by the Invention

It 1s an object of the present invention to provide a rubber
in which favorable sound insulation can be obtained by a
novel i1dea without increasing the specific gravity of the
rubber, controlling the form of the foam, deteriorating the
physical properties or increasing the weight, or deteriorating
the handleability of materials described later, and to provide
a seal component and a hose.

It 1s a further object of the present invention to prevent a
surface of a rubber from whitening.

Means for Solving the Problem

To a rubber material, o1l 1s added for increase 1n volume,
plasticization, soitening (1mprovement in processability),
and the like. For example, a rubber material maker mainly
sells a rubber called extended rubber or oil-extended rubber
in which an extender o1l 1s added to a rubber matenal for
increase i volume or plasticization. Further, by a rubber
processing maker, mainly a process o1l 1s added for softening
(1improvement 1n processability) to a rubber material, fol-
lowed by kneading and processing.

Oils such as the extender o1l and the process o1l include
a paraihnic oil, a naphthene-based oil, an aromatic o1l, and
a blend thereof. In view of processability, an o1l having a low
weight average molecular weight of about 500 to 1,000 1s
used for the oils. As the molecular weight of o1l 1s lower, the
viscosity 1s decreased, and as the molecular weight of o1l 1s
higher, the viscosity 1s increased.

Some of the present mventors focused on the oil and
investigated, completed the invention of rubber material 1n
which a low molecular weight hydrocarbon-based o1l having
a weight average molecular weight of 1,500 or less and a
higher molecular weight hydrocarbon-based o1l having a
weight average molecular weight of 5,000 or more are
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mixed 1 a rubber polymer, and filed a patent application
(Patent Document 3 described above). Addition of the high
molecular weight o1l increases the number (density) of
entanglements between o1l molecules or between o1l mol-
ecules and rubber polymer molecules. As the number of
entanglements 1s larger, friction generated during transmis-
sion of vibration of sound 1s increased, and a capability of
converting the sound into heat 1s considered to be enhanced.
Theretfore, favorable sound insulation 1s obtained.

Since the higher molecular weight hydrocarbon-based o1l
of the mvention described above 1s a liquid having high
viscosity, there 1s a problem 1n which weighing takes time.
The present mnventors have continued the investigation, and
intensively ivestigated. The present mnventors have found
that when an uncross-linked ethylene-propylene rubber
(EPM) 1s used, favorable sound insulation 1s obtained. Thus,
the present invention has been completed.

The present inventors further have found that in the
present invention, a surface of a rubber also whitens 1n a
high temperature and high humidity test 1n a closed system
depending on mixing, and the whitening occurs when the
amount of stearic acid mixed 1s large. The present inventors
have confirmed that when the amount of stearic acid mixed
1s small, the sound insulation of the rubber 1s not easily
improved, and the kneading property and processability of
the rubber 1n the state of a material are decreased.

A rubber of the present invention includes 5 parts by mass
to 45 parts by mass of an uncross-linked EPM relative to 100
parts by mass of a cross-linked rubber polymer (other than
EPM), and an o1l in an amount equal to or more than the
amount of the EPM. The rubber 1s foamed and has a specific
gravity of more than 0.3 and 0.8 or less. The lower limit of
the specific gravity 1s preferably 0.4 or more. The upper limit
of the specific gravity 1s preferably 0.7 or less.

The o1l 1s preferably a hydrocarbon-based oil having a
weilght average molecular weight of 1,500 or less.

The mass ratio of the o1l to the EPM 1s preferably 1 to 10.

It 1s preferable that the rubber further contain stearic acid
in an amount of 0.5 parts by mass to 8 parts by mass relative
to 100 parts by mass of the rubber polymer. It 1s more
preferable that the following (a) or (b) be satisfied.

(a) The rubber further contains stearic acid 1n an amount
of 2 parts by mass to 5 parts by mass relative to 100 parts
by mass of the rubber polymer.

(b) The rubber further contains stearic acid 1n an amount
of 0.5 parts by mass to 5 parts by mass, and a fatty acid
ester-based processing aid in an amount of 0.5 parts by mass
to 20 parts by mass relative to 100 parts by mass of the
rubber polymer.

A seal component of the present invention 1s formed of the
rubber.

A hose of the present invention i1s formed of the rubber.

An action of the present mvention will be described.

(1) Since the rubber contains an uncross-linked EPM, the
sound 1nsulation degree (dBA) of sound of 400 Hz to 10,000
Hz 1s increased, that 1s, the sound insulation 1s enhanced.
Although a mechanism of this phenomenon 1s not clear, the
mechamism 1s considered as follows. Since the uncross-
linked EPM 1s contained, the number (density) of entangle-
ments between EPM molecules or between EPM molecules
and rubber polymer molecules 1s increased. As the number
ol entanglements 1s larger, friction generated during trans-
mission of vibration of sound 1s increased, and a capability
of converting the sound into heat (absorbing the sound) 1s

enhanced.
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(2) Since stearic acid 1s contained 1n an amount of 0.5
parts by mass or more, the sound insulation 1s further
improved. A mechanism ol the phenomenon 1s not clear
currently.

As the amount of stearic acid 1s large, bloom 1s likely to
be caused. In view of this, the upper limit of amount of
stearic acid 1s preferably 8 parts by mass. As being clear
from further investigation, when the amount of stearic acid
1s more than 5 parts by mass, bloom 1s caused so that
whitening 1s caused. Therefore, when the upper limit of
amount of stearic acid 1s 5 parts by mass, whitening 1s not
caused.

When stearic acid 1s contained 1n an amount of less than
2 parts by mass, the sound insulation 1s improved, but the
viscosity 1n the state of a material 1s high, and the kneading
property and the processability are isuflicient. This 1s clear
from the further mnvestigation. In this case, when a fatty acid
ester-based processing aid 1s further contained in an amount
of 0.5 to 20 parts by mass, the viscosity 1s decreased and the
kneading property and the processability are improved with-
out deteriorating the sound 1nsulation. An action of the fatty
acid ester-based processing aid 1s the same as that 1n the case
where 2 to 5 parts by mass of stearic acid 1s contained.

(3) Since the rubber 1s foamed and has a specific gravity
of more than 0.3 (preferably 0.4 or more), the level of sound
insulation 1s equal to or higher than a constant level.
Theretfore, the action of improving the sound insulation of
(1) and (2) markedly appears. When the specific gravity 1s
0.3 or less, the level of sound insulation i1s originally low,
and the same action does not appear.

Since the rubber 1s foamed and has a specific gravity of
0.8 or less (preferably 0.7 or less), the weight of a rubber
product 1s reduced. This allows a reduction in weight that
has been recently required, particularly in the case of a seal
component of vehicles. When the specific gravity 1s more
than 0.8, the weight of the rubber product is increased.

(4) Since EPM 1s a solid, EPM can be handled by the same
method as that for another solid matenal.

(5) When all o1ls 1n the rubber are changed to EPM, the
rubber 1s not wound around a roll during rolling and knead-
ing, and the processability 1s deteriorated. Therefore, EPM 1s
mixed while o1l 1n an amount equal to or more than the
amount of EPM 1s present in the rubber, so that the rolling
and kneading properties can be secured and the sound
insulation can be enhanced.

Tects of the Invention

[T

With the rubber, the seal component, and the hose accord-
ing to the present invention, favorable sound insulation can
be obtained without deteriorating the physical properties,
increasing the weight, or deteriorating the handleability and
roll processability of materials. Further, it 1s possible to
avoid whitening.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a cross-sectional view of a weather strip for
automobiles, and FIG. 1B 1s a cross-sectional view of a hose
for automobiles, where the weather strip and the hose are
both molded products formed of a rubber of Example.
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MODES FOR CARRYING OUT TH.
INVENTION

(L]

1. Cross-Linked Rubber Polymer

Examples of the cross-linked rubber polymer (other than
EPM) include, but not particularly limited to, an ethylene-
propylene-non-conjugated diene rubber (EPDM), an
1sobutylene-isoprene rubber (IIR), an 1soprene rubber (IR),

a natural rubber (NR), a butadiene rubber (BR), and a
styrene-butadiene rubber (SBR).

In the case of EPDM, the ethylene content is not particu-
larly limited, and is preferably 60% by mass or less. When
the ethylene content 1s high, the low-temperature character-
istics of vulcanized rubber may be deteriorated.

Examples of non-conjugated diene in EPDM 1nclude, but
not particularly limited to, 5-ethylidene-2-norbornene
(ENB), dicyclopentadiene (DCPD), and 1,4-hexadiene (1,4-
HD).

As EPDM, a non-oil-extended EPDM or an oil-extended
EPDM can be used. An o1l component contained in the
oil-extended EPDM 1s included in “o01l” in the present
invention.

2. Uncross-Linked EPM

The amount of uncross-linked EPM 1s not particularly
limited, and 1s preferably 5 parts by mass to 45 parts by
mass, and more preferably 10 parts by mass to 30 parts by
mass, relative to 100 parts by mass of the rubber polymer.
When the amount of uncross-linked EPM 1is less than 5 parts
by mass, the eflect of enhancing the sound insulation 1s
decreased. When 1t 1s more than 45 parts by mass, the
viscosity of the material 1s increased.

The ethylene content of EPM 1s not particularly limited,
and 1s preferably 60% by mass or less. When the ethylene
content 1s high, the low-temperature characteristics are dete-
riorated.

As EPM, a non-oil-extended EPM or an oil-extended
EPM can be used. An o1l component contaimned in the
oil-extended EPM 1s included in “011” 1n the present inven-
tion.

In the case where the rubber of the present mmvention
contains the cross-linked rubber polymer and the uncross-
linked EPM, a vulcanizing agent that vulcanizes the rubber
polymer and does not cross-link EPM (e.g., sulfur) 1s used,
and a vulcanizing agent that cross-links EPM (e.g., organic
peroxide) 1s not be used.

3. O1l
The amount of o1l 1s not particularly limited, and 1s

preferably an amount equal to or more than the amount in
parts by mass of EPM. This 1s because the rubber 1s wound
around a roll during rolling and kneading and the process-
ability 1s favorable.

The mass ratio of o1l to EPM 1s not particularly limited,
and 1s preferably 1 to 10, and more preferably 2 to 8. When
the mass ratio 1s less than 1, the processability 1s deterio-
rated.

When the mass ratio 1s more than 10, plasticization 1s
excessively promoted, and the processability 1s deteriorated.

Examples of the o1l include, but not particularly limited
to, a paratlinic o1l, a naphthene-based o1l, an aromatic oil,
and a hydrocarbon-based o1l obtained by blending them. The
welght average molecular weight of the hydrocarbon-based
o1l 1s preferably 1,500 or less in terms of low viscosity and
favorable processability. The lower limit of the weight
average molecular weight 1s not particularly limited, and 1s
preferably 100 1n terms of availability. Most of o1l that 1s
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6

conventionally added to a rubber, such as an extender o1l and
a process o1l, can be used as a preferable hydrocarbon-based
o1l having the weight average molecular weight of 100 to

1,500.
4. Stearic Acid

In an aspect of (a), the stearic acid i1s contained 1n an
amount of 0.5 parts by mass to 5 parts by mass, and
preferably 1 to 5 parts by mass, relative to 100 parts by mass
of the rubber polymer. When the amount of the stearic acid
1s 1 part by mass or more, the sound insulation 1s further

enhanced and the viscosity 1n the state of a material 1s further
decreased.

5. Fatty Acid Ester-Based Processing Aid

In the aspect of (a), the fatty acid ester-based processing
aid may or may not be contained.

In an aspect of (b), the fatty acid ester-based processing
aid 1s contained in an amount of 0.5 parts by mass to 20 parts
by mass, and preferably 1 part by mass to 10 parts by mass,
relative to 100 parts by mass of the rubber polymer. When
the amount of the fatty acid ester-based processing aid 1s 1
part by mass or more, the viscosity 1n the state of a material
1s further decreased. The upper limit of the fatty acid
ester-based processing aid 1s not particularly limited. When

the upper limit thereof 1s more than 20 parts by mass, the
proportions of other components are relatively decreased,
and the physical properties may be affected. Therefore, an

upper limit of about 10 parts by mass 1s appropriate.
6. Other Compounding Materials

In the rubber, other compounding materials may be

mixed. Examples of the other compounding materials
include, but not particularly limited to, carbon black, cal-
cium carbonate, zinc oxide, an age resistor, a colorant, a

foaming agent, and a vulcanization accelerator.
7. Molded Product Formed of Rubber

The molded product formed of the rubber of the present
invention 1s not particularly limited. In terms of utilizing 1ts
high sound insulation, the molded product 1s a seal compo-
nent. Examples of the seal component include sealing mate-
rials of weather strips, door glass runs, window frames, and
gaskets of engines for vehicles such as an automobile, a
railway vehicle, a ship, and an air crait, sealing materials for
foods, sealing materials for interior and exterior compo-
nents, and sealing materials for electrical components. Fur-
ther, examples thereof include seal components of window
frames of buildings. In addition to the seal component,

examples of the molded product include hoses including a

hose for automobiles. Leakage of tlow sound of a flow
substance 1n the hose to the exterior can be suppressed.

EXAMPLES

Rubber materials for each rubber in Examples 1 to 44 and
Comparative Examples 1 to 5 at a combination (the value 1s
in parts by mass) shown in Tables 1 to 4 described below
were prepared. A foamed rubber sheet was molded from
cach of the rubbers.



EPDM

Oil
EPM

Compounding
material

Vulcanizing
agent
Sulfur
compound

Foaming agent

Sample name

Ol1l-extended EPDM
(o1l-extended amount of
extender oil: 20 phr)
Process oil

EPM (1)

EPM (2)

Carbon black
Calcium carbonate
Zinc oxide

Stearic acid

Other

Sulfur powder

Organic vulcanizing agent
(morpholine-based)
Thiazole-based
Dithiocarbamate-based
Sulfenamide-based

OBSH foaming agent

Mass ratio Oil/EPM
Roll processability

Physical
property

EPDM

O1l
EPM

Compounding
material

Vulcanizing
agent
Sulfur
compound

Sound msulation degree
(dBA) of 0.4 to 10 kHz
Specific gravity

Sample name

O1l-extended EPDM
(o1l-extended amount of
extender oil: 20 phr)
Process o1l

EPM (1)

EPM (2)

Carbon black
Calcium carbonate
Zinc oxide

Stearic acid

Other

Sulfur powder

Organic vulcanizing agent
(morpholine-based)
Thiazole-based
Dithiocarbamate-based
Sulfenamide-based

Foaming agent OBSH foaming agent
Mass ratio Oil/EPM
Roll processability

Physical
property

EPDM

O1l
EPM

Compounding
material

Vulcanizing
agent
Sulfur
compound

Foaming agent

Sound msulation degree
(dBA) of 0.4 to 10 kHz
Specific gravity

Sample name

Oil-extended EPDM

(o1l-extended amount of

extender o1l: 20 phr)
Process o1l

EPM (1)

EPM (2)

Carbon black
Calcium carbonate
Zinc oxide

Stearic acid

Other

Sulfur powder

Organic vulcanizing agent

(morpholine-based)
Thiazole-based

Dithiocarbamate-based

Sulfenamide-based

OBSH foaming agent

Mass ratio Oi/EPM
Roll processability
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TABLE 1
Example 1 Example 2 Example 3 Example 4
120 120 120 120
(Polymer 100) (Polymer 100) (Polymer 100) (Polymer 100)
(O1l 20) (O1l 20) (O1l 20) (O11 20)
60 55 50 40
10 15 20 30
120 120 120 120
50 50 50 50
7 7 7 7
1 1 1 1
5 5 5 5
1.2 1.2 1.2 1.2
0.6 0.6 0.6 0.6
2 2 2 2
1.4 1.4 1.4 1.4
0.3 0.3 0.3 0.3
3.04 3.04 3.04 3.04
8.0 5.0 3.5 2.0
- - i i
42.9 43.2 43.3 43.2
about 0.7 about 0.7 about 0.7 about 0.7
Example 6 Example 7 Example 8 Example 9
120 120 120 120
(Polymer 100) (Polymer 100) (Polymer 100) (Polymer 100)
(O1l 20) (O1l 20) (O1l 20) (O1l 20)
50 50 50 50
— 15 15 15
20 — — —
120 120 120 120
50 50 50 50
7 7 7 7
1 0.5 2 3
5 5 5 5
1.2 1.2 1.2 1.2
0.6 0.6 0.6 0.6
2 2 2 2
1.4 1.4 1.4 1.4
0.3 0.3 0.3 0.3
3.04 3.04 3.04 3.04
3.5 4.7 4.7 4.7
e o O O
43.8 43.4 44.1 43.5
about 0.7 about 0.7 about 0.7 about 0.7
Comparative Comparative
Example 11 Example 1 Example 2
120 120 120
(Polymer 100) (Polymer 100) (Polymer 100)
(O1l 20) (O11 20) (01l 20)
50 70 0
15 — 70
120 120 120
50 50 50
7 7
1 1
5 5
1.2 1.2 1.2
0.6 0.6 0.6
2 2
1.4 1.4 1.4
0.3 0.3 0.3
3.04 3.04 3.04
4.7 only Oil 0.3
o e X

Example 5

120
(Polymer 100)
(O11 20)

30
40
120
50
7

1

S
1.2

0.6

2
1.4
0.3
3.04
1.3

-

42.6
about 0.7

Example 10

120
(Polymer 100)
(O1l 20)
50
15

120
50
7

S

S
1.2

0.6

2
1.4
0.3
3.04
4.7

-

44 .0
about 0.7

Comparative
Example 3

120

(Polymer 100)

(Oil 20)
20
50

120
50

N = ]

0.6

1.4
0.3
3.04
0.8
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TABLE 1-continued

10

Physical Sound insulation degree 43.1 41.5 — 42.6
property (dBA) of 0.4 to 10 kHz
Specific gravity about 0.7 about 0.7 about 0.7 about 0.7
TABLE 2
Example No. 12 13 14 15 16 17 18 19
EPDM Oil-extended EPDM 120 “— “— “— “— “— “— “—
(o1l-extended amount of (Polymer 100)
extender oil: 20 phr) (O1l 20)
Oil Process oil 55 — — — — -— — -—
EPM EPM (1) 15 «— — «— — — — —
Compounding Carbon black 120 “— “— “— “— -— “— -—
material Calcium carbonate 50 -— “— -— “— -— “— -—
Zinc oxide 7 “— “— “— “— -— “—
Stearic acid 1 1 1 1 2 2 2 2
Fatty acid ester-based 1 2 3 5 0 1 2 3
processing aid
Other 4 <~ < <~ < < <~ <
Vulcanizing Sulfur powder 1.2 «— — -— — - — -
agent
Sulfur Organic vulcanizing agent 0.6 «— — -— — - — -
compound (morpholine-based)
Thiazole-based 2 “— “— “— “— -— “— -—
Dithiocarbamate-based 1.4 -— “— -— “— -— “— -—
Sulfenamide-based 0.3 “— “— “— “— -— “— -—
Foaming agent OBSH foaming agent 3.04 -— “— -— “— -— “— -—
Mass ratio O1l/EPM 5.0 “— “— “— “— -— “— -—
Physical Sound insulation degree 42.7 43.0 434 435 429 430 43.6 43.3
property (dBA) of 0.4 to 10 kHz
Mooney viscosity (M1 + 4, 100° C.) 60 59 57 56 60 58 56 55
Whitening test e 0 o O O O O O
Specific gravity 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Example No. 20 21 22 23 24 25 26 27
EPDM Oil-extended EPDM 120 “— “— “— “— -— “— -—
(oil-extended amount of (Polymer 100)
extender oil: 20 phr) (O1l 20)
Oil Process o1l 55 «— «— - «— «— «— «—
EPM EPM (1) 15 — — — — — — —
Compounding Carbon black 120 «— «— «— «— - «— -
material Calcium carbonate 50 “— “— “— “— “— “— “—
Zinc oxide 7 «— — -— — - — -
Stearic acid 2 3 3 3 3 3 5 5
Fatty acid ester-based 5 0 1 2 3 5 0 1
processing aid
Other 4 -~ -~ -— -~ <~ - <~
Vulcanizing Sulfur powder 1.2 -— “— -— “— -— “— -—
agent
Sulfur Organic vulcanizing agent 0.6 «— «— «— «— - «— -
compound (morpholine-based)
Thiazole-based 2 «— «— - «— «— «— «—
Dithiocarbamate-based 1.4 “— “— “— “— -— “— -—
Sulfenamide-based 0.3 «— — -— — - — -
Foaming agent OBSH foaming agent 3.04 “— “— “— “— “— “— “—
Mass ratio Oi1l/EPM 5.0 «— — -— — - — -
Physical Sound imsulation degree 42.8 43.5 435 437 435 436 438 439
property (dBA) of 0.4 to 10 kHz
Mooney viscosity (M1 + 4, 100° C.) 55 56 54 54 54 53 55 55
Whitening test 0 0 0O O 0 O 0 O
Specific gravity 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Example No. 28 29 30
EPDM Oil-extended EPDM 120 «— -
(o1l-extended amount of (Polymer 100)
extender oil: 20 phr) (O1l 20)
Oil Process oil 55 «— «—
EPM EPM (1) 15 «— «—
Compounding Carbon black 120 -— -—
material Calcium carbonate 50 “— “—
Zinc oxide 7 “— “—
Stearic acid 5 5 5
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Fatty acid ester-based
processing aid

Other

US 10,875,994 B2

Vulcanizing Sulfur powder
agent
Sulfur Organic vulcanizing agent
compound (morpholine-based)
Thiazole-based
Dithiocarbamate-based
Sulfenamide-based
Foaming agent OBSH foaming agent
Mass ratio Oil/EPM
Physical Sound insulation degree
property (dBA) of 0.4 to 10 kHz
Mooney viscosity (M1 + 4, 100° C.)
Whitening test
Specific gravity
TABLE 3
Example No. 31
EPDM Oil-extended EPDM 120
(o1l-extended amount of (Polymer 100)
extender oil: 20 phr) (O1l 20)
Oil Process oil 55
EPM EPM (1) 15
Compounding Carbon black 120
material Calcium carbonate 50
Zinc oxide 7
Stearic acid 0
Fatty acid ester-based 0
processing aid
Other 4
Vulcanizing Sulfur powder 1.2
agent
Sulfur Organic vulcanizing agent 0.6
compound (morpholine-based)
Thiazole-based 2
Dithiocarbamate-based 1.4
Sulfenamide-based 0.3
Foaming agent OBSH foaming agent 3.04
Mass ratio O1l/EPM 5.0
Physical Sound msulation degree 40.3
property (dBA) of 0.4 to 10 kHz
Mooney viscosity (M1 + 4, 100° C.) 67
Whitening test O
Specific gravity 0.7
Example No.
EPDM Oil-extended EPDM
(o1l-extended amount of
extender oil: 20 phr)
Oil Process oil
EPM EPM (1)
Compounding Carbon black
material Calcium carbonate
Zinc oxide
Stearic acid
Fatty acid ester-based
processing aid
Other
Vulcanizing Sulfur powder
agent
Sulfur Organic vulcanizing agent
compound (morpholine-based)

Thiazole-based
Dithiocarbamate-based
Sulfenamide-based

5 2-continued
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TABLE 3-continued
Foaming agent OBSH foaming agent 3.04 «— -
Mass ratio Oil/EPM 5.0 «— -
Physical Sound insulation degree 43.7 43.5 43.5
property (dBA) of 0.4 to 10 kHz
Mooney viscosity (M1 + 4, 100° C.) 53 52 52
Whitening test X X X
Specific gravity 0.7 0.7 0.7
Vulcanizing agent: Sultur powder
TABLE 4
Comparative Comparative
Sample name Example 4 Example 42 Example 43 Example 5 Example 44
EPDM Oil-extended EPDM 120 - «— «— «—
(o1l-extended amount of (Polymer 100)
extender oil: 20 phr) (O1l 20)
Oil Process oil 42 27 27 55 40
EPM EPM (1) 0 15 15 0 15
Compounding Carbon black 102 102 102 84 84
material Calcium carbonate 22 22 22 75 75
Zinc oxide 7 7 7 10 10
Stearic acid 2 2 4 5 5
Fatty acid ester-based 1 1 1 1 1
processing aid
Other 2 2 2 5 5
Vulcanizing Sulfur powder 1.2 1.2 1.2 1.2 1.2
agent
Sulfur Organic vulcanizing agent 0.6 0.6 0.6 0.6 0.6
compound (morpholine-based)
Thiazole-based 2 2 2 2 2
Dithiocarbamate-based 1.4 1.4 1.4 1.4 1.4
Sulfenamide-based 0.3 0.3 0.3 0.3 0.3
Foaming agent OBSH foaming agent 5.85 5.85 5.85 5.85 5.85
Mass ratio O1l/EPM only Oi1l 3.1 3.1 only Oil 4.0
Physical Sound 1nsulation degree 38.2 38.9 39.6 40.5 41.1
property (dBA) of 0.4 to 10 kHz
Mooney viscosity (M1 + 4, 100° C.) 42.7 57.9 53 39.2 51.1
Whitening test e o o o o
Specific gravity 0.4 0.4 0.4 0.5 0.5
Details of the components used herein are as follows.  ,;  Organic vulcanizing agent: trade name “VULNOC R”
Oil-extended EPDM: trade name “Mitsu1 EPT8120E” (4,4'-dithiodimorpholine) available from Ouchi Shinko
available from Mitsu1 Chemicals, Inc. (diene type: Chemical Industrial Co., Ltd.
ENB, diene content (ratio): 14% by mass, o1l-extended Foaming agent: p,p'-oxybisbenzenesulifonyl hydrazide
amount: 20 phr) (OBSH) foaming agent
120 parts by mass of mixed oil-extended EPDM 1includes 45  The mass ratio 01l/EPM 1s a mass ratio of o1l (sum of

100 parts by mass of .

HPDM polymer and 20 parts by mass

of extender o1l. The weight average molecular weight of the

extender o1l 1s not disclosed, but 1s estimated to be 1,500 or

less.

EPM (1): trade name “Mitsui EPT0045” available from
Mitsui Chemicals, Inc. (ethylene content (ratio): 51%
by mass)

EPM (2): trade name “Vistalon 404 available from

Exxon Mobil Corporation (ethylene content: 45% by
mass)

Process oil: trade name “Diana process o1l PS-380”
available from Idemitsu Kosan Co., Ltd. (paraflinic
mineral o1l, molecular weight: 700, kinematic viscosity
(100° C.): 30 mm?/s)

Carbon black: SRF, 1odine absorption: 20 mg/g, DBP
absorption: 115 cm>/100 ¢

Stearic acid: trade name “LUNAC S-50V” available from
Kao Corporation

Fatty acid ester-based processing aid: trade name “Emas-

ter 430W” available from Riken Vitamin Co., Ltd.
Zinc oxide: trade name “META 7Z-102” available trom

Inoue Calcium Corporation

50

55

60

65

process o1l and extender o1l in oil-extended EPDM) to EPM.

The components of the rubber materials 1n -

Hxamples and

Comparative

Hxamples were each weighed so as to satisty

cach mixing ratio 1n Tables 1 to 4. The components were
kneaded by a Banbury mixer and a roller, extruded by an
extruder, and then heated, resulting in vulcanization and
foaming. The resultant was molded and processed into a
foamed rubber sheet having a thickness of 1.2 mm. Since
sulfur 1n the vulcanizing agent cross-links EPDM but does
not cross-link EPM, the foamed rubber sheets in Examples
and Comparative Examples contain cross-linked EPDM and
uncross-linked EPM.

The rubber materials 1n Examples and Comparative
Examples were subjected to the following evaluations.

1. Roll Processability (Only 1n

Examples 1 to 11 and

Comparative

Hxamples 1 to 3)

When a rubber during roll processing was sufliciently
wound around a roll and the processability (kneading prop-
erty) was favorable, the roll processability was evaluated to
be good (O). When the rubber slightly floated, the roll

processability was evaluated to be fair (A). When the rubber
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severely floated and could not be processed, the roll pro-
cessability was evaluated to be poor (x).

2. Processability (Mooney Viscosity)

For the rubber matenials kneaded (before vulcanization),
the Mooney viscosity (ML (1+4) 100° C.) was measured. As
the Mooney viscosity 1s lower, the processability can be
evaluated to be more excellent.

For the rubbers (foamed rubber sheets) obtained by mold-
ing the rubber materials 1 Examples and Comparative
Examples, the following measurement and evaluation were
performed.

3. Sound Insulation

The produced foamed rubber sheets were each mounted 1n
a 11g having an opening area of 10 mmx90 mm, and the
sound 1nsulation degree (dBA) of sound of 400 Hz to 10,000
Hz was measured 1n an atmosphere of 23° C. As the sound
isulation degree 1s higher, the sound insulation can be
evaluated to be more excellent.

The sound 1nsulation degree to be required varies depend-
ing on the kind of rubber product, and the level of the sound
insulation degree largely varies depending on the specific
gravity of rubber. Therefore, the evaluation of sound 1nsu-
lation was performed by comparison of Examples and
Comparative Examples of which the specific gravities were
the same.

4. Whitening Test

For the produced foamed rubber sheets, a high tempera-
ture and high humidity test in a closed system was per-
formed. A case where whitening due to bloom was not
observed was evaluated to be good (O), and a case where
whitening was observed was evaluated to be poor (x).

5. Specific Gravity

The specific gravity of each of the produced foamed
rubber sheets was measured.

The foamed rubber sheets in Examples 1 to 41 and
Comparative Examples 1 to 3 have substantially the same
specific gravities of about 0.7 and their forms of the foam are
also visually the same. The specific gravities of the foamed
rubber sheets 1n Examples 42 and 43 and Comparative
Example 4 were 0.4. The specific gravities of the foamed
rubber sheets m Example 44 and Comparative Example 5
were 0.5.

In the foamed rubber sheets in Examples 1 to 11, the
sound 1nsulation was improved and the roll processability
was good as compared with Comparative Example 1. In
Comparative Example 2, roll processing was not performed,
and the sound 1nsulation was not examined. In Comparative
Example 3, the sound insulation was improved as compared
with Comparative Example 1, but the roll processability was
insufficient.

In the foamed rubber sheets 1n Examples 12 to 30, the
sound 1nsulation was improved as compared with Compara-
tive Example 1, the Mooney viscosity was sufliciently low,
and whitening was not observed.

In the foamed rubber sheets 1n Examples 31 to 35, despite
the fact that no stearic acid 1s contained, the sound insulation
was substantially the same as that in Comparative Example
1. The foamed rubber sheets were evaluated to be good. A
reason for slightly high Mooney viscosity 1s considered to be
that the viscosity 1s not sufliciently decreased even by
addition of a fatty acid ester-based processing aid due to the
absence of stearic acid. Due to the absence of stearic acid,
whitening was not observed.

In the foamed rubber sheet 1n Example 36, the sound
insulation was higher than those 1n Comparative Example 1
and Example 31. This 1s considered due to a small amount
of stearic acid. A reason for slightly high Mooney viscosity
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1s considered to be that a fatty acid ester-based processing
ald 1s not added and the wviscosity 1s not suiliciently
decreased by a small amount of stearic acid. Whitening was
not observed.

In the foamed rubber sheets 1n Examples 37 to 41, the
sound insulation was higher than those in Comparative
Example 1 and Example 31, and the Mooney viscosity was
sufliciently low. Whitening due to bloom of stearic acid was
slightly observed.

In the foamed rubber sheets 1n Examples 42 and 43, the
sound insulation was slightly improved as compared with
Comparative Example 4. The Mooney viscosity was suili-
ciently low, and whitening was not observed.

In the foamed rubber sheet in Example 44, the sound
insulation was slightly improved as compared with Com-
parative Example 5. The Mooney viscosity was sufliciently
low, and whitening was not observed.

FIG. 1A shows a weather strip 1 for automobiles (cross
section), and FIG. 1B shows a hose 2 for feeding fuel,
refrigerant, or air for automobiles, which are a molded
product formed of the rubber 1n each of Examples 1 to 44.
With the weather strip 1, the sound insulation of sound
transmitted through the weather strip 1 1s improved. With the
hose 2, leakage of tlow sound of the fuel, refrigerant, or air
in the hose to the exterior can be reduced.

The present invention 1s not limited to Examples
described above, and the present invention can be embodied
by appropriate modifications without departing from the
spirit of the present mvention.

REFERENCE SIGNS LIST

1 Weather strip
2 Hose

The mvention claimed 1s:

1. A foamed rubber consisting essentially of:

a rubber polymer in an amount of 105 parts by mass to
145 parts by mass, the rubber polymer consisting of a
cross-linked EPDM rubber in an amount of 100 parts
by mass and an uncross-linked EPM rubber that 1s a
solid 1n an amount 5 parts by mass to 45 parts by mass,
and

a hydrocarbon-based o1l having a weight average molecu-
lar weight of 1,500 or less in an amount equal to or
more than the amount of the EPM, and

wherein the foamed rubber was obtained by vulcanizing
a mixture of the rubber polymer and the hydrocarbon-

based o1l using a vulcanizing agent that vulcanized the
EPDM rubber and did not cross-link the uncross-linked

EPM rubber, and

the foamed rubber material has a specific gravity of more

than 0.3 and 0.8 or less.

2. The foamed rubber according to claim 1, wherein a
mass ratio of the hydrocarbon-based o1l to the EPM 1s 1 to
10.

3. The foamed rubber according to claim 1, wherein the
mixture of the rubber polymer and the hydrocarbon-based
o1l further consists essentially of o1l stearic acid in an
amount of 0.5 parts by mass to 8 parts by mass per the 100
parts by mass of the EPDM.

4. The foamed rubber according to claim 1, wherein the
mixture of the rubber polymer and the hydrocarbon-based
o1l further consists essentially of stearic acid in an amount of
2 parts by mass to 5 parts by mass per the 100 parts by mass
of the EPDM.

5. The foamed rubber according to claim 1, wherein the
mixture of the rubber polymer and the hydrocarbon-based
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o1l further consists essentially of stearic acid 1n an amount of
0.5 parts by mass to 5 parts by mass per the 100 parts by
mass of the EPDM, and a fatty acid ester-based processing
aid 1n an amount of 0.5 parts by mass to 20 parts by mass
per the 100 parts by mass of the EPDM. 5

6. A seal component formed of the foamed rubber accord-
ing to claim 1.

7. A hose formed of the foamed rubber according to claim

1.
10
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